WITH THE ASSISTANCE OF NORMA PlKE, B.S. Infusion of cortisone and related compounds in the normal dog under standardized conditions resulted in increased voltage and peaking of the T wave of the electrocardiogram. These alterations were not associated with significant changes in the plasma electrolytes. Plasma inorganic phosphate decreased and urinary phosphate excretion increased. Cortisone appears to alter ventricular repolarization, but the mechanism of the effect is unknown.
Infusion of cortisone and related compounds in the normal dog under standardized conditions resulted in increased voltage and peaking of the T wave of the electrocardiogram. These alterations were not associated with significant changes in the plasma electrolytes. Plasma inorganic phosphate decreased and urinary phosphate excretion increased. Cortisone appears to alter ventricular repolarization, but the mechanism of the effect is unknown. A LTERATIONS in the clog's electrocardiogram induced by variation of the plasma electrolytes are well documented. 12 Although increased amplitude and voltage of the T waves are classically associated with hyperkalemia, changes in the distribution of other ions produce the same effect. At the present time it is unknown whether factors other than alterations in ionic concentrations across the cell membrane may induce T Avave alterations. Similar T-wave changes occur in man and the rabbit after intramuscular administration of corticotropin (ACTH) and cortisone, without a concomitant increase in the serum potassium or alterations in other electrolytes. 34 That these T-wave alterations may result from an increase in the circulating adrenal cortical steroids is suggested by the observation that the potassium, phosphate and water of human skeletal muscle decrease after corticotropin or cortisone therapy. 6 The same shift in electrolytes might occur in cardiac muscle, resulting in a relative intramuscular potassium deficiency, but it is equally possible that other factors are responsible.
MATERIAL AND METHODS
Seventeen experiments were performed on seven mongrel dogs anesthetized with sodium pentobarbital. Following a control period the substance to be investigated was infused in 0.9 per cent sodium From The Now York Hospital-Cornell Medical Center, Department of Pediatrics, New York, N. Y.
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Received for publication Sept. 30, 1953. 123 chloride through polyethylene tubing into an antecubital vein at a rate of 5 ml. per minute, using a calibrated constant infusion pump. Serial electrocardiograms and blood samples-for the determination of carbon dioxide, pH, sodium, potassium, phosphate, calcium, and magnesium-were taken at intervals of 10 to 20 minutes. Electrocardiograms were taken with a Sanborn Viso-Cardiette and included the standard limb, augmented unipolar extremity, and unipolar precordial leads. To avoid axis shifts, animals and electrodes were maintained in fixed positions and electrocardiograms were taken in the same phase of respiration.
Arterial blood specimens were withdrawn from an indwelling needle in the femoral artery with precautions to avoid loss of carbon dioxide. 1 ' 2 Plasma sodium and potassium were determined using an internal standard flame photometer. Calcium was determined by the method of Clark and Collip, magnesium by the method of Garner with adaptation to the Coleman Junior Spectrophotometer. Initially, total and inorganic phosphate were determined by the method of Berenblum and Chain; in later experiments the method of Lowry and Lopez was used which gave more consistent and reproducible results. Labile phosphate was estimated by the difference in inorganic phosphate in plasma filtrates before and after hydrolysis in 1.S7 N sulfuric acid for 60 minutes in a boiling water bath. Whole blood pH was determined with a Cambridge, condensortype, glass electrode surrounded by a constant water jacket at 37 C. Bicarbonate was calculated from the total carbon dioxide and pH utilizing the Henderson-Hasselbalch equation. Creatinine clearances and phosphate excretion were measured in two experiments (cortisone acetate). Urinary phosphate was determined by the method of Fiske and Subbarow. Plasma and urinary creatinine were measured by the method of Phillips.
The infusion rates of the various cortisone derivatives varied, depending on the rapidity of their action; with the more rapidly acting com- * The results of one experiment in which a priming dose of 30 mg. cortisone acetate was given are not included. pounds the infusion rate and total dosage were lowered to facilitate electrocardiographic observations. Commercial cortisone acetate, available for intramuscular injection and containing benzyl alcohol and a suspending agent* was added to isotonic saline solution and maintained in suspension by bubbling room air through the mixture. Cortisone acetate and cortisone aldehyde,f a soluble preparation, were infused at a rate of 2 mg. per minute. Cortisone (free alcohol) f and hydrocortisone (free alcohol)t were brought into solution by autoclaving 100 mg. with 500 ml. of isotonic saline solution for .15 to 30 minutes. These were infused at the rate of 1 mg. per minute. Five experiments were performed with 500 mg. of cortisone acetate, one with 250 mg. of cortisone aldehyde, four with 100 mg. of cortisone (free alcohol) and six with 50 mg. of hydrocortisone (free alcohol).
ELGCTKOCARDIOGRAI'HIC CHANGES
The administration of cortisone acetate, cortisone (free alcohol), and hydrocortisone (free alcohol) produced significant alterations in the T wave of the electrocardiogram as shown in figure 1 . These were characterized by increased voltage and peaking in leads II and III, the unipolar extremity and precordial leads, and by the development of either an isoelectric or inverted complex in lead I. The lack of effect of saline infusion alone is shown at the top of the figure.
Various preparations produced electrocardiographic changes at significantly different dosage * To determine the effect of these contaminants, one batch of material was washed thoroughly with saline prior to infusion. The washed preparation produced the same electrocardiographic changes.
f These compounds were made available to us by Dr. Elmer Alpert of Merck and Company. levels. Cortisone aldehyde, in a total dose of 250 mg. administered over an interval of 100 minutes, produced minimal changes in the electrocardiogram. Maximal T-wave changes were induced bj r cortisone acetate after 150 mg. (60 minutes), cortisone (free alcohol) after 50 mg. (50 minutes), and hydrocortisone (free alcohol) after 10 mg. (10 minutes).
With increased infusion rates the total dose required for the appearance of electrocardiographic changes was decreased. Furthermore, when 30 mg. of cortisone acetate was injected within an interval of one minute, the alterations in the T wave were similar to those observed after 150 mg. was infused over an interval of 60 minutes. In all instances, after the T-wave changes had reached a maximum, there was no further change despite a two to five-fold increase in the total dose during the remainder of the experimental period.
One animal, in which cortisone acetate was effective in several experiments, failed to show electrocardiographic changes with cortisone or hydrocortisone. No explanation can be given for the development of a refractory state by this animal. Table 1 shows the average values for plasma electrolytes during the control periods compared with the average values at the time of maximal electrocardiographic alterations.
ELECTROLYTE CHANGES
Plasma sodium was determined in the first five cortisone acetate experiments. Since no significant change was observed, these analyses were discontinued. Plasma potassium did not vary significantly. The calcium levels varied less than 2 mEq. per liter and the magnesium levels within 2 mg. per cent. These values tended to decrease during the course of the experiment. In experiments of long duration, when larger volumes of solution were infused, the degree of acidosis was greater. Acidosis was not responsible for the observed electrocardiographic changes, for while infusion of 600 ml. of isotonic saline solution caused electrolyte changes similar to those observed in the cortisone-treated animals, there were no electrocardiographic changes. In the majority of experiments, blood phosphate decreased. Inorganic and total phosphate followed the same pattern, and there was no significant change in labile phosphate. In the two experiments in which urinary phosphate and creatinine clearance were measured, fall in blood phosphate was accompanied by increased phosphate excretion. Creatinine clearances remained within normal limits. DISCUSSION From the data presented, the consistent electrocardiographic changes in the absence of significant electrolyte alterations suggest that cortisone and related compounds affect myocardial repolarization by an unknown mechanism. In the experimental animal the dosage required to produce these changes is partly a function of the rate of administration, and also depends on the activity of the compound infused.
The most rapid electrocardiographic changes were observed with hydrocortisone in the free alcohol form. Structural differences in the compounds infused probably account for their different activities. The three-fold difference in activity between cortisone acetate and cortisone alcohol is too great to be attributed to their relative molecular weights. All of the compounds seem to have inherent activity, and possibly potency is related to the degree of structural similarity to hydrocortisone. Alter-natively, conversion of these compounds to hydrocortisone by hydrolysis and reduction in the liver, adrenal gland or both organs, may be a necessary requirement for their utilization. The rate of these metabolic changes would then determined the availability of the end product and therefore the rate of electrocardiographic alteration. SUMMARY 1. The infusion of cortisone and related compounds in normal dogs resulted in increased voltage and peaking of the T wave of the electrocardiogram. These electrocardiographic alterations were not associated with significant alteration in plasma electrolytes.
2. A decrease in plasma inorganic phosphate and an increase in urinary phosphate excretion were observed.
